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[57] ABSTRACT

An 1onizing radiation sensitive resist consisting essen-
tially of a polymer having a recurring unit represented
by the following formula:

vl X
I
32
Rl R>
R2 R4
RB

wherein X is a hydrogen atom, a methyl group, or a
halogen atom and R!, R%, R3, R4and R5, which may be
identical or different, are hydrogen atoms, halogen
atoms, alkyl groups having 1 to 3 carbon atoms, alkoxy
groups having 1 to 3 carbon atoms, haloalkyl groups
having 1 to 3 carbon atoms or haloalkoxy groups hav-
ing 1 to 3 carbon atoms, at least a part of the X groups
present in said polymer being a halogen atom, at least a
part of the Y! and Y? group present in said polymer
being a halogen atom, and at least a part of the R1, R2,
R3, R4 and R3 groups present in said polymer being a
haloalkyl or haloalkoxy group having 1 to 3 carbon
atoms. Said i10nizing radiation sensitive resist is suitable
as a negative type resist. This resist is used in the form
of an organic solvent solution to form a coating film on
a substrate and the desired parts of this coating film are
irradiated with an ionizing radiation, whereby patterns
are formed.

13 Claims, 1 Drawing Figure
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PROCESS FOR FORMING PATTERNS USING
IONIZING RADIATION SENSITIVE RESIST

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of application Ser.
No. 546,462, filed Oct. 28, 1983, now abandoned, which

- 1S a continuation in part of Ser. No. 397,769, filed July

13, 1982, now abandoned.

This invention relates to a negative type resist which
Is sensitive to ionizing radiations such as deep ultravio-
let rays, electron beams, X-rays and the like.

Hitherto, the production of transistor, integrated
circuit, etc. has been carried out by coating a photore-
sist on a substrate, irradiating the photoresist with light
through a photo mask, dissolving the uncrosslinked part
of the photoresist in a developer, and then subjecting to
wet etching the part of the substrate other than patterns.
However, such a series of steps using light have had a
limit in resolution due to the diffraction phenomenon of
light, and the wet etching process has been unable to
achieve a sufficient etching of fine patterns because of
side etch (a phenomenon that an etchant goes around to
the underside of the pattern and etches that part) and
the influence of impurities present in the etchant. For
this reason, there has recently been developed a tech-
nique for forming a high-accuracy pattern by using
ionizing radiations of high energy, such as deep ultravi-
olet rays, electron beams, X-rays and the like, which has
a short wavelength, in place of light. Further, there has
also been developed an etching technique for producing
fine patterns not by the wet etching method but by a dry
etching method using gas plasma, reactive ion etching,
ion milling or the like.

When it 1s intended to form a pattern by irradiation
with 1onizing radiations followed by dry etching, the
resist used must be highly sensitive to the ionizing radia-
tions enough to form a fine pattern with a high accuracy
and, at the same time, it must be highly resistant to dry
etching. Although polystyrene is known at present as an
example of resist material sensitive to ionizing radia-
tions, it has the fault that its sensitivity to ionizing radia-
tions 1s still low.

The present inventors have conducted elaborated
studies with the aim of obtaining an ionizing radiation
sensitive resist having a high sensitivity to ionizing radi-
ations, capable of forming a fine pattern with a high
accuracy and having a high resistance to dry etching.
As a result, this invention has been accomplished.

According to this invention, there is provided an
lonizing radiation sensitive resist which comprises a
polymer having a recurring unit represented by the
general formula (A):
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gen atoms; and R!l, R R3, R4 and R5, which may be
identical or different, are hydrogen atoms, alkyl groups
having 1 to 3 carbon atoms (hereinafter referred to
merely as the alkyl groups), alkoxy groups having 1 to
3 carbon atoms (hereinafter referred to merely as the
alkoxy groups), halogen atoms, haloalkyl groups having
I to 3 carbon atoms (hereinafter referred to merely as
the haloalky] groups) or haloalkoxy groups having 1 to
3 carbon atoms (hereinafter referred to merely as the
haloalkoxy groups), at least a part of the X groups pres-
ent in the polymer and at least a part of the Y! and Y2 -
groups present in the polymer being halogen atoms, and
at least a part of the R1, R2, R3, R4and R’ groups being
the haloalkyl or haloalkoxy group. |

In the polymer used in this invention, the proportion
of the recurring unit represented by the general formula
(A) wherein X is a halogen atom [said recurring unit
being hereinafter referred to as the recurring unit (A-1)]
is preferably 2 to 25% of the number of the total recur-
ring units in the polymer, and more preferably, it is 5 to
20%. The proportion of the recurring unit represented
by the general formula (A) wherein at least a part of the
R, RZ, R3, R*and R3 groups is the haloalkyl or haloalk-
oxy group [said recurring unit being hereinafter re-
ferred to as the recurring unit (A-2)] is preferably 3 to
40%, more preferably 5 to 35%, of the number of the
total recurring units in the polymer. Furthermore, the
proportion of the recurring unit represented by the
general formula (A) wherein at least a part of the Y!and
YZ groups is a halogen atom [said recurring unit being
hereinafter referred to as the recurring unit (A-3)] is
preferably 2 to 25%, more preferably 5 to 20%, of the

number of the total recurring units in the polymer.

When the proportion of the recurring unit (A-1) is in-
creased the resistance to dry-etching is enhanced, when

- the proportion of the recurring unit (A-2) is increased

40

the sensitivity to electron beam or ultraviolet rays is
enhanced, and the proportion of the recurring unit
(A-3) contributes to the enhancement of resolution.
Usually, the total sum of the proportions of the three

~ recurring units may be varied depending on the method
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Y X (A)
L &
!
R! R>
R2 R4
R3

wherein X i1s a hydrogen atom, a methyl group or a
halogen atom; Y! and -Y2, which may be identical or
different, are‘hydrogen atoms, methyl groups or halo-

65

of synthesis, and it is preferably 7 to 70%, more prefera-
bly 9 to 60%, of the number of the total recurring units
in the polymer.

The polymer has a total halogen content of prefera-
bly 1 to 509% by weight, more preferably 1 to 45% by
weight, most preferably 1 to 25% by weight.

When X-rays are used as the ionizing radiations, a
highly halogenated product is preferred from the view-
point of absorption of X-rays, and the total halogen
content of the polymer is preferably 5 to 50% by weight
based on the weight of the polymer.

In this invention, the recurring unit represented by
the general formula (A) wherein X is a halogen atom; at
least one of the R!, R2, R3, R4 and R5 groups is the
haloalkyl or haloalkoxy group; and at least one of the
Y!and Y2 groups is a halogen atom is dealt with as the
recurring units (A-1), (A-2) and (A-3). The recurring
unit represented by the general formula (A) wherein X
1s a halogen atom; at least one of the Y! and Y? groups
is a halogen atom; and R!, R2, R3, R4and R5 are hydro-
gen atoms, the alkyl groups, the alkoxy groups or halo-
gen atoms, 1s dealt with as the recurring units (A-1) and
(A-3).

In the recurring unit represented by the general for-
mula (A), Rl, R4, R3; R4 and R> may be, for example,
hydrogen atoms, methyl groups, ethyl groups, propyl
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groups, methoxy groups, ethoxy groups, propoxy
groups, chiorine atoms, bromine atoms, iodine atoms,
fluorine atoms, chloromethyl groups, bromomethyl
groups, chloroethyl groups, chloropropyl groups, chio-
romethoxy groups, iodomethoxy groups, bromome-
thoxy groups, iodopropyl groups, chloroethoxy groups,
chloropropoxy groups, dichloromethyl groups, dibro-
momethyl groups, diilodomethyl groups, dichloroethyl
groups, dibromoethyl groups, dichloropropyl groups,
dibromopropyl groups, dichloromethoxy groups, di-
bromomethoxy groups, diiodomethoxy groups, di-
chloroethoxy groups, dibromoethoxy groups, dichloro-
propoxy groups, dibromopropoxy groups, trichloro-
methyl groups, tribromomethyl groups, trichloroethyl
groups, tribromoethyl groups, trichloromethoxy
groups, tribromomethoxy groups, or the like. Particu-
larly preferred is the case where one of the R1, R2, R3,
R4 and R’ groups is methyl, chloromethyl, bromo-
methyl, dichloromethyl or dibromomethy! and the oth-
ers are hydrogen atoms.

In the recurring unit (A), X, Y!and YZ?include prefer-
ably chlorine, bromine, fluorine and iodine. The poly-
mer may have two or more kinds of halogens bonded
thereto.

Other recurring units which can form a polymer in
combination with the recurring units represented by the
general formula (A) include ethylenic unsaturated com-
pound units such as ethyl (meth)acrylate unit, butyl
(meth)acrylate unit, glycidyl (meth)acrylate unit, a-
vinylnaphthalene unit, B-vinylnaphthalene unit, 2-
vinylpyridine unit, 4-vinylpyridine unit, maleic anhy-
dride unit and vinyl acetate unit; conjugated diene com-
pound units such as butadiene unit and isoprene unit:
and halogenated ethyleneic unsaturated compound
~units; and halogenated conjugated diene compound
units. However, the proportion of the number of said
other recurring units is preferably less than 50%, more
preferably less than 20%, based on the number of the
-total recurring units in the polymer, from the viewpoint
- of sensitivity to ionizing radiations and resistance to dry
etching.

The molecular weight of the polymer used in this
invention is not critical, though a higher molecular
weight is preferred for maintaining the performance of
high sensitivity to ionizing radiations, whereas a lower
molecular weight is preferred for facilitating the han-
dling in forming a resist film. The range of the number
average moilecular weight satisfying these two contra-
dictory requirements is preferably 10,000 to 1,500,000,
and more preferably 10,000 to 1,000,000, as measured
with a membrane osmometer.

The polymer of this invention can be produced by
halogenating a polymer comprising recurring units rep-
resented by the general formula (B),

Z* yA (B)
& ¢
!5
Rl RIS
RI?. Rl4
R13

wherein R11, R12, R13/ R14and R15 are hydrogen atoms,
alkyl groups having 1 to 3 carbon atoms or alkoxy
groups having 1 to 3 carbon atoms, provided that the
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4
case where all of R11, RI2, R13) R14 and R!5 are hydro-
gen atoms is excluded; and Z!, Z2 and Z3 are hydrogen
atoms, fluorine atoms or methyl groups, provided that
when Z!is methyl Z2 and Z3 are hydrogen atoms, alone

or in combination with recurring units represented by
the general formula (C),

75 74 (C)
| |
—C e C
1
| H H
H H
H

wherein Z4, Z> and Z% are hydrogen atoms, fluorine
atoms, or methyl groups, provided that when Z! in the
general formula (B) is methyl Z4 is a hydrogen atom,
with a halogenating reagent radically, for instance, in
the presence of a radical-generating agent or under the
irradiation with light or uitraviolet rays.

Embodiments (1) and (2) of said production process
are stated below.

(1) A process which comprises polymerizing a mono-
meric material comprising at least one monomer repre-
sented by the general formula (D):

Z? Z! (D)
& .
!5

RII RIS

RIZ Rl4

R13

wherein R1i, R12, R13, R14, R15, Z1 72 and Z3 have the
same meanings as defined in the general formula (B), or
a monomeric material comprising at least one monomer
represented by the general formula (D) and at least one
monomer represented by the general formula (E):

ZS Z4 (E)
) |
C C
!
H H
H H
H

wherein Z4, Z5 and Z6 have the same meanings as de-
fined in the general formula (C), and subsequently, radi-
cally halogenating the resulting polymer, in the form of
a solution in a solvent or in the state swollen with a
solvent, with a compound having a halogen radical-
generating ability such as t-butyl hypochlorite, t-butyl
hypoiodite, chlorine, bromine or the like in the presence
of a radical-generating agent such as 4.4
azabisisobutyronitrile, benzoyl peroxide, lauroyl perox-
ide or the like or under the irradiation with light or
ultraviolet-rays as described in, for example, the Journal

of Americal Chemical Society, Vol. 82, 108 (1960).
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(2) A process which comprises polymerizing a mono-
meric material comprising at least one monomer repre-
sented by the general formula (D) or a monomeric ma-
terial comprising at least one monomer represented by
the general formula (D) and at ieast one monomer rep-
resented by the general formula (E), and subsequently,
radically halogenating the resulting polymer, in the
form of a solution in a solvent or in the state swollen
with a solvent, with an N-halogenated compound such
as N-chlorosuccinimide, N-bromosuccinimide, N-
bromoacetamide or the like in the presence of the said
radical-generating agent or under the irradiation with
light or ultraviolet-rays as described in, for example, the
Journal of Americal Chemical Society, Vol. 74, 2189
(1952).

Examples of the monomer represented by the general
formula (D) usable in the above-mentioned processes
(1) and (2) include o-methylstyrene, m-methylstyrene,
p-methylstyrene, p-ethylstyrene, o-ethylstyrene, m-
ethylstyrene, p-methoxystyrene, o-methoxystyrene,
m-methoxystyrene, a-methyl-p-methylstyrene, a-meth-
yl-p-methoxystyrene and the like. These monomers
may be used in combination of two or more. As the
monomer represented by the general formula (E), a-
methylstyrene and styrene may be used. These mono-
mers may also be used in combination of two or more.
As said other monomers to be polymerized with the
monomer represented by the general formula (D) or
with both the monomer represented by the general
formula (D) and the monomer represented by the gen-
eral formula (E), there may be used (meth)acrylic esters
such as ethyl (meth)acrylate, butyl (meth)acrylate,
- glycidyl (meth)acrylate and the like, and aromatic vinyl
compounds other than the monomers represented by
the general formulas (D) and (E) such as a-vinylnaph-
thalene, B-vinylnaphthalene, 2-vinylpyridine, 4-vinyl-
pyridine and the like; conjugated diene compounds
such as butadiene, isoprene or the like as well as maleic
anhydride, vinyl acetate and the like.

The proportion of the recurring unit represented by
the general formula (B) to the total recurring units in
the starting polymer is preferably 20 to 100%, more
preferably 30 to 100%, in order to enhance the sensitiv-
ity to ionizing radiation. The proportion of the recur-
ring unit represented by the general formula (C) to the
total recurring units in the starting polymer is prefera-
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mixture is 3 to 20% by weight. When a radica]-generat-
ing agent is used, the amount of the radical-generating

agent 1s 0.01 to 5 parts by weight per 100 parts by

weight of the polymer to be halogenated. The reaction

temperature is 40° to 200° C.

In the case of halogenation under the irradiation with
light or ultraviolet-rays, the intensity of light or ultravi-
olet-rays may be varied depending on the degree of
halogenation.

In order to stabilize the ionizing radiation-sensitive
resist, a stabilizer may be added in an amount of about
0.5 to 5% by weight. The stabilizer includes, for exam-
ple, hydroxyaromatic compounds such as hydroqui-
none, methoxyphenol, p-t-butylcatechol, 2,2'-methy-
lene-bis(6-t-butyl-4-ethylphenol) and the like; quinones
such as benzoquinone, p-toluquinone, p-xyloquinone
and the like; amines such as phenyl-a-naphthylamine,
p,p -diphenylphenylenediamine and the like; sulfur
compounds such as dilauryl thiodipropionate, 4,4'-thio-
bis(6-t-butyl-3-methylphenol), 2,2’'-thio-bis(4-methyl-6-
t-butylphenol), 2-(3,5-di-t-butyl-4-hydroxyanilino)-4,6-
bis(N-octylthio)-s-triazine and the like; etc.

The process for forming patterns using the ionizing
radiation sensitive resist of this invention comprises
usually the steps of (1) forming a coating film of the
lonizing radiation sensitive resist on a substrate using
said resist in the form of an organic solvent solution, (2)
irradiating the desired parts of the said coating film with
an 10nizing radiation, (3) treating said coating film with
a developing agent, and (4) treating the said coating film
with a rinsing agent.

In said step (1), as the organic solvent of the above

organic solvent solution, there may be generally used

petroleum fractions such as xylene, ethylbenzene, tolu-
ene and the like. Moreover, the concentration of the

1onizing radiation sensitive resist in the organic solvent

solution cannot be specified generally, and it is deter-

- mined In accordance with thickness of the film formed

by coating the resist. Usually, it is employed in the form
of a solution having a concentration of 5 to 30% by

- weight.

45

bly 0 to 80%, more preferably 0 to 70%. The number

average molecular weight of the starting polymer is
preferably 8,000 to 150,000, more preferably 8,000 to
100,000.

In the above-mentioned process (1) or (2), the solvent
used for halogenating, by radical reaction, the polymer
of the monomeric material comprising the monomer

50

(D) or both the monomer (D) and the monomer (E) is

preferably a solvent having no interaction with a halo-
gen radical. Particularly preferable for this purpose are
benzene, halogenated hydrocarbons such as carbon
tetrachloride, carbon tetrabromide, 1,1,2-trichloroe-
thane and the like. | - |

In the above-mentioned process (1) or (2), the degree
of halogenation is controlled in the following manner:
In the process (1), it 1s usually controlled by varying the
amount of the compound having a halogen radical-

33
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generating ability. In the process (2), it is controlled by

varying the amount of the N-halogenated compound.
The general reaction conditions in the above-men-

tioned processes (1) and (2) are as follows: The concen-

tration of polymer to be halogenated in the reaction

65

In said step (2), the amount of the ionizing radiation
irradiated may be varied depending upon the chemical
structure, the molecular weight and the like of said
ionizing radiation sensitive resist, and cannot be deter-
mined uniquely. However, the irradiation is effected
until the desired parts of the said coating film is cross-
linked with the ionizing radiation.

In said step (3), the treatment with the developing
agent aims at dissolving the uncrosslinked portions of
the said coating film to remove said portions from the
film. This developing agent may be any solvent for
dissolving said i1onizing radiation sensitive resist and is

‘not critical. Said solvent includes, organic solvents, for

example, benzene, toluene, xyiene, cyclohexane, ethyl-
cyclohexane, decalin, Cellosolve acetate, methyl ethyl
ketone, methyl 1sobutyl ketone, 1soamyl acetate, 2-nitro-
propane, l,1,2-tnichloroethane and the like or organic
solvent comprising them as major component. The
temperature for treatment with the developing agent is
usually 20° to 30° C., and the treatment time is usually 5

‘sec to 5 min.

In said step (4), the treatment with the rinsing agent
aims at extracting the developing agent from the cross-
linked parts of the coating film swollen by the treatment
with said developing agent. The rinsing agent is not
critical though it should be compatible with said devel-
oping agent and a poor solvent for said ionizing radia-
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tion sensitive resist. There may be used, as said rinsing
agent, for example, organic solvents containing at least
10% by weight of an alcohol having 1 to 6 carbon
atoms. As this alcohol, there may be used iso-butyl
alcohol, tert-butyl alcohol, n-heptyl alcohol, 2-butyl
alcohol, ethyl alcohol, methyl alcohol, ethylene glycol,

amy!l alcohol and the like. In addition, these alcohols

may be used in admixture with the same solvents as used
for the developing agent. The temperature for the treat-

ment with said rinsing agent is usually 20° to 30° C., and
the treating time is usually 5 sec to 5 min. The rinsing
treatment may be conducted twice or thrice using dif-
ferent rinsing agents. |
According to this invention, there can be provided a
negative type ionizing radiation-sensitive resist, which
1s made insoluble in a developer upon irradiating with
an 1onizing radiation, can form a fine pattern with high
accuracy, and has high resistance to dry etching.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and
many of the attendant advantages thereof will be
readily obtained as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying draw-
ing, wherein:

The FIGURE shows the characteristic curves re-
- garding sensitivity, i.e. the relation between the yield of
‘residual resist thickness and the irradiation energy, for
Examples 3 and 4 and Comparative Example 2 (below).

This mvention will be illustrated in more detail with
reference to Examples and the accompanying drawings
showing the characteristic curve regarding sensitivity
of the coating film obtained in Examples 3 and 4 and
Comparative Example 2. However, the Examples are
merely by way of illustration and not by way of limita-
tion.

EXAMPLE 1

A magnetic stirrer was introduced into a round-bot-
tom flask, and the air in the flask was replaced with
nitrogen. Under a stream of nitrogen, 320 g of cyclohex-
ane and 35.4 g of p-methyl styrene were introduced to
form a homogeneous solution, and then the temperaure
of the solution was kept at 50° C. Subsequently, under a
stream of nitrogen, 0.80 ml of a 0.50 mole/liter solution
of n-butyllithium in cyclohexane was added to initiate
the polymerization. The polymerization conversion
reached 91.5% in 120 minutes. The resulting reaction
mixture was poured into methanol containing 2,6-di-t-
butyl-p-cresol to recover p-methylstyrene polymer. It
was dried under reduced pressure at 40° C. for 16 hours.
In a round-bottom flask was placed 11.8 g of the dried
polymer, and the air in the flask was replaced with
mtrogen, after which 224 g of carbon tetrachloride, 96
mg of 4,4’-azobisisobutyronitrile and 3.5 g of t-butyl
hypochlorite were added and the resulting mixture was
subjected to reaction for 90 minutes while keeping the
temperature of the mixture at 70° C. The reaction mix-
ture was poured into methano! containing 2,2'-methy-
lene-bis(6-t-butyl-4-methylphenol) to separate the prod-
uct which was then recovered. By analyzing the prod-
uct by means of a 'H-nuclear magnetic resonance appa-
ratus (JNM-4H-100, manufactured by Nippon Denshi),
it was found that the peak due to the hydrogen of
methyl group in the vicinity of §=2.2 ppm and the peak
due to the hydrogen of methine group in the vicinity of
0=1.8 ppm, which were seen in the starting polymer,
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8

became small. Moreover, by analyzing the product by
means of a 13C-nuclear magnetic resonance apparatus
(JNM-FX-100, manufactured by Nippon Denshi), ab-
sorption due to chloromethyl group was newly ob-
served at 6=46.1 ppm and further absorptions due to

and due to

were observed at 6=68-76 ppm and 6=51-55 ppm,
respectively. From this fact, it was confirmed that the
methyl group in the polymer and the methylene and
methine groups in the main chain were chlorinated.
Analyzing in detail these nuclear magnetic resonance
spectra, the recurring units (A-1), (A-2) and (A-3) were
confirmed to be contained in proportions of 7.5%, 16%
and 6.5%, respectively. Furthermore, the chlorine con-
tent was 8.3% by weight and the number average mo-
lecular weight was 4.5 10° as measured by a mem-
brane osmometer.

The product obtained above was dissolved in xylene
to form a 6.5% by weight solution. The solution was put
on a silicon wafer having a thermally oxidized layer (0.7
pum in thickness), and the assembly was rotated first at
200 r.p.m. for 2 seconds and subsequently at 4,000 r.p.m.
for 30 seconds to coat the solution on the wafer. The
solvent was volatilized away by a heat-treatment at 80°
C. for 30 minutes to obtain a coating film having a thick-

ness of 0.5 um formed on the wafer. After irradiating it

with deep ultraviolet rays through a mask by means of
an exposer (PLA-521 F, manufactured by CANON,
INC.), 1t was developed with Cellosolve acetate for 1
minute and then rinsed with a mixed solution of methyl
ethyl ketone and isopropy! alcohol (1:1 by volume) for
1 minute. As a result, it was found that an image of 0.6
pum could be resolved with a high fidelity to mask at
irradiation energy of 6.8 mJ/cm2.

EXAMPLE 2

A magnetic stirrer was placed in a round-bottom
flask, and the air in the flask was replaced with nitrogen.
Under a stream of nitrogen, 577 g of cyclohexane, 49.9
g of styrene and 14.2 g of o-methylstyrene were intro-
duced 1nto the flask to form a homogeneous solution,
after which the temperature of the solution was kept at
60" C. Subsequently, under a stream of nitrogen, 2.4 m]
of a 0.25 mole/liter solution of n-butyllithium in cyclo-
hexane was added to the solution to initiate the poly-
merization. The polymerization conversion reached
100% 1n 60 minutes. Thus, the reaction mixture was
poured into methanol containing 2,2'-methylene-bis(6-t-
butyl-4-ethylphenol) to recover the resulting styrene-o-
methylstyrene copolymer. The copolymer was dried
under reduced pressure at 40° C. for 16 hours. Then,
10.7 g of the copolymer thus obtained was placed in a
round-bottom flask and the air in the flask was replaced
with nitrogen, after which 224 g of 1,1,2-trichloroe-
thane, 96 mg of 4,4'-azobisisobutyronitrile and 4.2 g of
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N-chlorosuccinimide were added and the resulting solu-
tion was subjected to reaction for 1.5 hours while keep-

ing the temperature of the solution at 70° C. The reac-

tion product was poured into methanol containing 2,2'-

methylene-bis(6-t-butyl-4-ethylphenol) to separate the
product, which was then recovered. Its chlorine con-
tent was 7.0% by weight.

Analyzing the structure of the product in the same
manner as in Example 1, it was confirmed that the re-
curring units (A-1), (A-2) and (A-3) were contained in
proportions of 8.5%, 12% and 7.5%, respectively. Fur-
thermore, the chlorine content was 8.5% by weight and

10

the number average molecular weight was 2.3 10° as

measured by a membrane osmometer.

The product obtained above was dissolved in xylene
to form an 8.5% by weight solution. The solution was
put on a silicon wafer having a thermally oxidized layer
(0.7 um 1n thickness) and the assembly was rotated first
at 200 r.p.m. for 2 seconds and subsequently at 4,000
r.p.m. for 30 seconds to coat the wafer with the solu-
tion. The solvent was volatilized away by a heat-treat-
ment at 80° C. for 30 minutes to obtain a coating film
having a thickness of 0.5 um formed on the wafer. After
irradiating it with deep ultraviolet rays through a mask
using an exposer, it was developed with Cellosolve
acetate for 1 minute and then rinsed with a mixed solu-
tion of methyl ethyl ketone and isopropyl alcohol (1:1
by volume) for 1 minute. As a result, it was found that
an image of 0.6 um was resolved with a high fidelity to
mask at a deep ultraviolet irradiation energy of 7.8
mJ/cm?. |

EXAMPLE 3 '- o
In the same manner as in Example 1, a coating film

having a thickness of 0.5 um was formed on silicon
wafer having a thermally oxidized layer. Subsequently,
the resulting assembly was irradiated with electron
beams at an acceleration voltage of 20 kV, developed
with Cellosolve acetate for 1 minute, and then rinsed
with a mixed solution of methyl ethyl ketone and iso-
propyl alcohol (1:1 by volume) for 1 minute. As a result,
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the irradiation energy of the electron beams at the gel

point was 0.45 uwC/cm?, and the characteristic curve
regarding sensitivity (relation between the yield of re-
sidual resist thickness and the irradiation energy) was as
shown in the accompanying drawings.

EXAMPLE 4

A magnetic stirrer was introduced into a round-bot-
tom flask, and the air in the flask was replaced with
nitrogen. Under a stream of nitrogen, 320 g of cyclohex-
ane and 35.4 g of p-methylstyrene were introduced to
form a homogeneous solution, and then the temperature
of the solution was kept at 50° C. Subsequently, under a
stream of nitrogen, 0.11 ml of a 0.25 mole/liter solution
of n-butyllithium in cyclohexane was added to initiate
the polymerization. The polymerization conversion
reached 99% in 120 minutes. The resulting reaction
mixture was poured into methanol containing 2,6-di-t-
butyl-p-cresol to recover p-metylstyrene polymer. It
was dried under reduced pressure at 40° C. for 16 hours.
In a round-bottom flask was placed 11.8 g of the dried
polymer, and the air in the flask was replaced with
nitrogen, after which 150 ml of 1,1,2-trichloroethane, 95
mg of 4,4'-azobisisobutyronitrile and 4.0 g of t-butyl
hypochlorite were added and the resulting mixture was
subjected to reaction for 90 minutes while keeping the
temperature of the mixture at 70° C. The reaction mix-
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ture was poured into methanol containing 2,2'-methy-

lene-bis(6-t-butyl-4-methylphenol) to separate the prod-

uct which was then recovered.

Analyzing the structure of the product in the same
manner as in Example 1, it was confirmed that the re-
curring units (A-1), (A-2) and (A-3) were contained in
proportions of 8%, 18% and 7%, respectively. The
number average molecular weight of the product was
3% 10° as measured by a membrane osmometer, and the
chlorine content was 9.1% by weight. Using the prod-
uct obtained above, a coating film having a thickness of
0.5 um was formed on a silicon wafer having a ther-
mally oxidized layer in the same manner as in Example
1, and was tested on electron beam irradiation charac-
teristics. The coated silicon wafer was irradiated with
electron beam at an acceleration voltage of 20 kV, and
thereafter, development with Cellosolve acetate was

conducted for 1 minute, and rinsing with a mixed solu-

tion of methyl ethyl ketone and isopropanol (1:1 by
volume) was conducted for 1 minute. The characteristic
curve regarding sensitivity of the coating film obtained
1s shown in the accompanying drawings. The irradia-
tion energy at the gel point upon irradiation with elec-
tron beam was 0.3 uC/cm?.

- EXAMPLE 5

'The image formed by irradiating with deep ultravio-
let rays at 6.8 mJ/cm? in Example 1, the image formed
by irradiating with deep ultraviolet rays at 7.8 mJ/cm?
in Example 2, and the image formed by irradiating with
electron beams at an acceleration voltage of 10 kV at
1.0 nC/cm?in Example 4 were subjected to reactive ion

‘etching and the conditions that the power was 100 W,

and the gas pressure was 15 Pa using tetrafluorocarbon-
/oxygen (95/5 volume ratio) as an etching gas in a
parallel plate dry etching reactor to investigate the
resistance to dry etching. The relative etching rates
when the etch rate of the resist image formed by using
the commercially available polymethyl methacrylate
electron beam resist was assumed as 1.0 are shown in

Table 1.

TABLE 1
- Image Relative Etch Rate
Example 1 0.40
Example 2 0.45
Example 4 0.40
EXAMPLE 6

A magnetic stirrer was introduced into a round-bot-
tom flask, and the air in the flask was replaced with
nitrogen. Under a stream of nitrogen, 320 g of cyclohex-
ane and 35.4 g of p-methyl styrene were introduced to

form a homogeneous solution, and then the temperature

of the solution was kept at 50° C. Subsequently, under a
stream of nitrogen, 0.60 ml of a 0.50 mole/liter solution
of n-butyllithium in cyclohexane was added to initiate
the polymerization. The polymerization conversion
reached 92.0% in 120 minutes. The resulting reaction
mixture was poured into methanol containing 2,6-di-t-
butyl-p-cresol to recover p-methylstyrene polymer. It
was dried under reduced pressure at 40° C. for 16 hours.
In a round-bottom flask was placed 11.8 g of the dried
polymer, and the air in the flask was replaced with
nitrogen, after which 236 g of benzene, 96 mg of 4,4'-
azobisisobutyronitrile and 10.9 g of t-butyl hypochlorite
were added and the resulting mixture was subjected to
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reaction for 90 minutes while keeping the temperature
of the mixture at 70° C. The reaction mixture was
poured into methanol containing 2,2'-methylene-bis(6-t-
butyl-4-methylphenol) to separate the product which
was then recovered. By analyzing the product by means
of a 'H-nuclear magnetic resonance apparatus (JNM-
4H-100, manufactured by Nippon Denshi), it was found
that the peak due to the hydrogen of methyl group in
the vicinity of 8=2.2 ppm and the peak due to the hy-
drogen of methine group in the vicinity of §=1.8 ppm,
which peaks were observed in the starting polymer,
became small. Furthermore, by analyzing the product
by means of 13C-nuclear magnetic resonance apparatus
(JNM-FX-100, manufactured by Nippon Denshi), ab-
sorption due to chloromethyl group was newly ob-
served at 0=46.1 ppm, and absorption due to dichloro-
methyl group was also observed at §=71.8 ppm. More-
over, there were also observed broad absorption due to

at 6=>51-55 ppm. From this fact, it was confirmed that
the methyl group of the polymer and methylene and
methine groups in the main chain had been chlorinated.
‘Therefore, it was confirmed that the resulting polymer

contained the following recurring units belonging to the
recurring units (A-1), (A-2) and (A-3):

R
"f“‘" 7 “"F"’“ 8 "‘f“"c:‘ "‘f'"’c:“"
H :\/ H : H
CH,Cl CHCl

Further, the chlorine content was 20.9% by weight
and the number average molecular weight was 6.0 X 105
as measured by a membrane osmometer.

The product obtained above was dissolved in xylene
to prepare a 4.8% by weight solution, and this solution
was placed on a silicon wafer having a thermally oxi-
dized layer having a thickness of 0.7 um, and coating
was conducted by rotating the silicon wafer at 200 rpm
for 2 sec and subsequently at 4,000 rpm for 30 sec. Fur-
ther, the coated silicon wafer was heat-treated at 80° C.
for 30 min. to volatilize the solvent away, upon which a
coating film having a thickness of 0.5 um was formed
on the wafer. This sample was irradiated through a
mask with aluminum Ka rays as the X-rays, and then
developed with Cellosolve acetate for 1 min, and subse-
quently rinsed with a mixed solution of methyl ethyl
ketone/isopropanol (1:1 by volume) for 1 min. As a
result, it was found that an image having a line width of
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0.6 um was resolved with a fidelity to the mask at an
X-rays irradiation energy of 14 mJ/cm?2.

EXAMPLE 7

A magnetic stirrer was introduced into a round-bot-
tom flask, and the air in the flask was replaced with
nitrogen. Under a stream of nitrogen, 320 g of cyclohex-
ane and 35.4 g of p-methylstyrene were introduced to
form a homogeneous solution, and then the temperature
of the solution was kept at 50° C. Subsequently, under a
stream of nitrogen, 0.45 ml of a 0.25 mole/liter solution
of n-butyllithium in cyclohexane was added to initiate
the polymerization. The polymerization conversion
reached 100% in 120 minutes. The resulting reaction
mixture was poured into methanol containing 2,6-di-t-
butyl-p-cresol to recover p-methylstyrene polymer. It
was dried under reduced pressure at 40° C. for 16 hours.
In a round-bottom flask was placed 11.8 g of the dried
polymer, and the air in the flask was replaced with
nitrogen, after which 236 g of benzene, 96 mg of 4,4'-
azobisisobutyronitrile and 41 g of t-butyl hypochlorite
were added and the resulting mixture was subjected to
reaction for 90 minutes while keeping the temperature
of the mixture at 70° C. The reaction mixture was
poured into methanol containing 2,2'-methylene-bis(6-t-
butyl-4-methylphenol) to separate the product which
was then recovered.

In the same manner as in Example 6, the structure of
the product was analyzed to confirm that the product

contained the following recurring units belonging to the
recurring units (A-1), (A-2) and (A-3):

A S S R
--cI:--c— ,—(I:-——c— ,—(l:-—-—c—
H@ H@ Cl
CH3 CH;Cl CHCl;

The chlorine content was 90% by weight, and the
number average molecular weight was 4.0 X 105 as mea-
sured by a membrane osmometer.

The product obtained above was dissolved in xylene
to prepare a 3.5% by weight solution, and this solution
was placed on a silicon wafer having a thermally oxi-
dized layer having a thickness of 0.7 um, and coating
was conducted by rotating the silicon wafer at 200 rpm
for 2 sec and subsequently at 4,000 rpm for 30 sec. The
thus coated silicon wafer was heat-treated at 80° C. for
30 min to volatilize the solvent away, upon which a
coating film having a thickness of 0.5 um was formed
on the wafer. This sample as irradiated through a mask
with aluminum Ka rays as the X-rays, thereafter devel-
oped with Cellosolve acetate for 1 min, and then rinsed
with a mixed solution of methyl ethyl-ketone and iso-
propanol (1:1 by volume) for 1 min. As a result, it was
found that an image having a line width of 0.6 pm was
resolved with a fidelity to the mask at an X-rays irradia-
tion energy of 40 mJ/cm?2.

EXAMPLE 8

A magnetic stirrer was introduced into a round-bot-
tom flask, and the air in the flask was replaced with
nitrogen. Under a stream of nitrogen, 577 g of cyclohex-
ane, 49.9 g of styrene and 14.2 g of o-methylstyrene
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were mtroduced to form a homogeneous solution, and
then the temperature of the solution was kept at 60° C.
Subsequently, under a stream of nitrogen, 2.4 ml of a
0.25 mole/liter solution of n-butyllithium in cyclohex-
- ane was added to nitiate the polymerization. The poly-
merization conversion reached 100% in 60 minutes. The
resulting reaction mixture was poured into methanol
containing 2,6-di-t-butyl-p-cresol to recover styrene-o-
methylstyrene copolymer. It was dried under reduced
pressure at 40° C. for 16 hours. In a round-bottom flask
was placed 10.7 g of the dried copolymer, and the air in

10

the flask was replaced with nitrogen, after which 230 g

of benzene, 96 mg of 4,4'-azobisisobutyronitrile and 20.0
g of N-chlorosuccinimide were added and the resulting
mixture was subjected to reaction for 90 minutes while
keeping the temperature of the mixture at 70° C. The
reaction mixture was poured into methanol containing
2,2’ -methylene-bis(6-t-butyl-4-methylphenol) to sepa-
rate the product which was then recovered.

In the same manner as in Example 6, the structure of
the product was analyzed, to find that the product con-

tained the following recurring units belonging to the

recurring units (A-1), (A-2) and (A-3):

Ili (31 I|{ c1 Ili I-I
--(I:--—c— --(I:--c-—- —(It—-—-c—-—
H @/ H @ H @cmm
I i
—c-———c— --c—c-— ——c—-c—-

I |
H CHCh Cl @/ Cl

The chlorine content was 28.8% by weight, and the
number average molecular weight was 3.0 X 10° as mea-
sured by a membrane osmometer.

The product obtained above was dissolved in xylene
to prepare a 8.5% by weight solution, and this solution
was placed on a silicon wafer having a thermally oxi-
dized layer having a thickness of 0.7 um, and coating
was conducted by rotating the silicon wafer at 200 rpm
for 2 sec and then at 4,000 rpm for 30 sec. The coated
stlicon wafer was further heat-treated at 80° C. for 30
min to volatilize the solvent away, upon which a coat-
ing film having a thickness of 0.5 um was formed on the
water. This sample was irradiated through a mask with
aluminum Ka-rays as the X-rays, thereafter developed
with Cellosolve acetate for 1 min and then rinsed with
a mixed solution of methyl ethyl ketone and isopropanol
(1:1 by volume) for 1 min. As a result, it was confirmed
that an 1mage having a line width of 0.6 um was re-
solved with a fidelity to the mask at an X-rays irradia-
tion energy of 13 mJ/cm?..

EXAMPLE 9

In the same manner as in Example §, the dry etching
resistance of the resist patterns obtained in Examples 6
to 8 was tested, to obtain the results shown in Table 2.
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TABLE 2
Image Relative Etch Rate
Example 6 042
Example 7 0.40
Example § 0.43

COMPARATIVE EXAMPLE 1

A magnetic stirrer was placed into a round-bottom
flask and the air in the flask was replaced with nitrogen.
Under a stream of nitrogen, 481 g of cyciohexane and 52
g of styrene were introduced to form a homogeneous
solution, after which the temperature of the solution
was kept at 60° C. Subsequently, under a stream of
nitrogen, 1.42 ml of a 0.25 mole/liter solution of n-
butyllithium in cyclohexane was added to initiate the
polymerization. The reaction temperature rose to 70.5°
C., and the polymerization conversion reached 100% in
120 minutes. Thus, the reaction mixture was poured into
methanol containing 2,2'-methylene-bis(6-t-butyl-4-
ethylphenol) to recover the styrene polymer. The poly-

- mer was dried under reduced pressure at 40° C. for 16

45

50

2

60

“hours. Then, 10.4 g of the polymer thus obtained was

introduced into a round-bottom flask and the air in the
o flask was replaced with nitrogen, after which 224 g of
carbon tetrachloride, 9.7 mg of benzoyl peroxide and 60

g of t-butyl hypochlorite were added to the flask and

the resulting solution was subjected to reaction for 4
hours while keeping the temperature of the solution at
7 90° C. The reaction mixture was poured into methanol
containing 2,2'-methylene-bis(6-t-butyl-4-ethylphenol)
to separate the product, which was then recovered.

In the same manner as in Example 1, the structure of
0 the product was analyzed to-find that 61% of the sty-
rene unit, 21% of the recurring unit (A-1), and 18% of
the recurring unit (A-3) were contained. The chlorine
content was 11.8% by weight and the number average
molecular weight was 6.5X 10° as measured by a mem-
brane osmometer.
- The product obtained above was formed into a solu-
tion in the same manner as in Example 1, and then the
solution was coated on a silicon wafer having a ther-
mally oxidized layer by the same procedure as in Exam-
ple 1. Further, it was irradiated with deep ultraviolet
rays, developed and rinsed in the same manner as in
Example 1. As a result, an image of 5 um or more could
barly be resolved at a radiation energy of 65 mJ/cm?2.

What 1s claimed is: | |

1. A process for forming patterns comprising (1)

forming a coating film of an ionizing radiation sensitive

resist on a substrate using said resist in the form of an

- organic solvent solution, (2) irradiating the desired parts

63

of said coating film with ionizing radiation, (3) treating
said coating film with a developing agent, and (4) treat-
ing said coating film with a rinsing agent, characterized
in that said ionizing radiation sensitive resist is a poly-

“mer having a recurring unlt represenied by the general

formula (A):
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Y! X
|
O
]?.
Rl RS
R2 R4
R3

wherein X is a hydrogen atom, a methyl group or a
halogen atom, and further wherein X is a halogen atom
in at least 2% of the recurring units of the polymer; Y!
and YZ are independently hydrogen atoms, methyl
groups or halogen atoms, and further wherein Ylor Y2

1s a halogen atom in at least 2% of the recurring units of

the polymer; R!, R2, R3, R% and RS are independently
hydrogen atoms, alkyl groups having 1 to 3 carbon
atoms, alkoxy groups having 1 to 3 carbon atoms, halo-
gen atoms, haloalkyl groups having 1 to 3 carbon atoms
or haloalkoxy groups having 1 to 3 carbon atoms, and
further wherein at least one of R1, R2, R3, R4and R’ is
either a haloalkyl or haloalkoxy group containing 1 to 3
carbon atoms in at least 3% of the recurring units of the
polymer.

2. A process according to claim 1, wherein the num-
ber average molecular weight of the resist 1s 10,000 to
1,500,000. |

3. A process according to claim 2, wherein the halo-
gen content of the resist 1s 1 to 50% by weight.

4. A process according to claim 3, wherein the resist
contains the following recurring units (A-1), (A-2) and

(A-3)1n a total proportion of 7 to 70% of the number of

the total recurring units in the polymer:
the recurring unit (A-1) is the recurring unit repre-
sented by the general formula (A) wherein X is a
halogen atoms.
the recurring unit (A-2) is the recurring unit repre-
sented by the general formula (A) wherein at least
a part of the R}, R2, R3, R4 and R’ groups is a
haloalkyl group having 1 to 3 carbon atoms or a
haloalkoxy group having 1 to 3 carbon atoms, and
the recurring unit (A-3) is the recurring unit repre-
sented by the general formula (A) wherein at least
a part of the Y! and Y2 groups is a halogen atom.
5. A process according to claim 3, wherein the resist
has been prepared by radically halogenating a polymer
comprising a recurring unit represented by the general

formula (B),
72 71 (B)
| :
)
Rl R1S
R12 R 14
R13

wherein R!l, R12, R13] R14 and R15 are independently
hydrogen atoms, alkyl groups having 1 to 3 carbon
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atoms, or alkoxy groups having 1 to 3 carbon atoms,
provided that the case where R1l, R12, R13, and R15 are
all hydrogen atoms is excluded, and Z!, Z2 and Z3 are
independently hydrogen atoms, fluorine atoms or
methyl groups, provided that where Z!is methyl Z2and
Z3 are hydrogen atoms, alone or in combination with a
recurring unit represented by the general formula (C),

75 74 (C)
| |
—_C C o
1
H H
H H
H

wherein Z4%, Z> and Z° are independently hydrogen
atoms, fluorine atoms, or methyl groups, provided that
when Z! in the recurring unit represented by the gen-
eral formula (B) is methyl Z%is a hydrogen atom.

6. A process according to claim 5, wherein the start-
ing polymer contains 20 to 100% of the recurring unit
represented by the general formula (B), 0 to 709% of the
recurring unit represented by the general formula (C),
and O to 50% of other recurring units.

7. A process according to claim 1, wherein the pro-
portion of the recurring unit wherein X is a halogen
atom 1s not more than 25% of the number of the total
recurring units of the polymer, the proportion of the
recurring unit wherein Y! or Y2is a halogen atom is not
more than 25% of the number of the total recurring
units of the polymer, and the proportion of the recur-
ring unit wherein at least one of R1, R?, R3, R4and R?
i1s either a haloalkyl or haloalkoxy group having 1 to 3

~carbon atoms 1s not more than 40% of the number of the

total recurring units of the polymer.

8. A process according to claim 5, wherein the num-
ber average molecular weight of the starting polymer is
8,000 to 150,000.

9. A process according to claim 8, wherein the start-
ing polymer dissolved in or swollen with a solvent is
radically halogenated with a compound having a halo-
gen radical-generating ability in the presence of a radi-
cal-generating agent or under irradiation with light or
ultraviolet rays. .

10. A process according to claim 8, wherein the start-
ing polymer dissolved in or swollen with a solvent is
radically halogenated with a N-halogenated compound
in the presence of a radical-generating agent or under
irradiation with light or ultraviolet rays.

11. A process according to claim 9 or 10, wherein the
radical-generating agent is 4,4-azobisisobutyronitrile,
benzoyl peroxide or lauroyl peroxide.

12. A process according to claim 9, wherein the com-
pound having halogen radical-generating ability is t-
butyl hypochlorite, t-butyl hypoiodite, chlorine, or
10dine. | |

13. A process according to claim 10, wherein the
N-halogenated compound is N-chlorosuccinimide, N-

bromosuccinimide or N-bromoacetamide.
¥ * E - *
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